Objective: Apoptosis via the Fas pathway is a potential mechanism for thyroid tissue destruction leading to clinical hypothyroidism in Hashimoto's thyroiditis (HT). Recent studies reported contradictory results regarding the regulation of Fas/Fas ligand (FasL) expression by cytokines in vitro. We therefore determined the Fas and FasL gene expression in the BioBreeding/Worcester (BB/W) rat thyroiditis model, which can be regarded as a model for HT. Methods: In order to obtain BB/W rats with spontaneous, iodine-induced or without lymphocytic thyroiditis (LT), rats were divided into 3 groups: 55-day-old rats after 24 days of iodine administration, 75-day-old rats after 45 days of iodine administration, and 101-day-old rats respectively. The gene expression of Fas, FasL, and interleukin (IL)-1b was determined by Genescan fragment analysis using reverse polymerase chain reaction. Serum thyroglobulin (TG) antibody concentrations were measured and the extent of lymphocytic infiltration of one thyroid lobe was histologically graded. Results: Fas and FasL gene expression was significantly higher in rats with LT and correlated with the extent of lymphocytic infiltration and the TG antibody level. There was no evidence that the expression of IL-1b or other cytokines is related to the expression of Fas or its ligand.
Introduction
The spectrum of human autoimmune thyroid disease ranges from Graves' disease (GD) to Hashimoto's thyroiditis (HT). HT is characterized primarily by destruction of thyroid tissue. Immunohistological investigation of HT tissue indicates that apoptosis might be a possible mechanism for cell death of thyrocytes (1, 2) , whereas reduced thyrocyte cell death was observed in the stimulated thyroids from GD patients (2) .
It has been suggested that activation of Fas antigen on thyrocytes by binding of the Fas ligand (FasL), which is present on lymphocytes, is a potential mechanism by which thyroid cells undergo apoptosis (3) (4) (5) . Changes in the level of Fas or FasL gene expression could be one of the regulating factors of the Fas pathway (6) (7) (8) . In recent studies, cytokines have been demonstrated to induce expression of Fas in vitro. Giordano et al. (4) reported that interleukin (IL)-1b-induced Fas expression results in apoptosis via expression of FasL on thyrocytes.
Moreover, Kawakami et al. (9) reported that Fas gene expression only led to apoptosis when thyrocytes were exposed to interferon g (IFNg). Other in vivo studies in human thyroid tissue (10, 11) and b-cells of non-obese diabetic (NOD) mice (12) also support the suggestion that induction of Fas expression is induced in vitro by cytokines. In contrast, Arscott et al. (3) reported that pretreatment of thyrocytes with IFNg did not substantially alter the amount of Fas mRNA compared with untreated cells in vitro. Furthermore, Rasmussen et al. (13) demonstrated that IL-1b does not induce apoptosis in human thyrocytes in vitro. Differences in culture conditions and different sources of thyroid tissue, i.e. from patients with nontoxic goiter versus HT (4) and GD and surrounding tissue from follicular and papillary carcinomas and multinodular goiter (3), are possible explanations for these contradictory results.
Therefore, conclusions regarding the induction of Fas/FasL by cytokines in vivo cannot be drawn. In order to evaluate the in vivo relevance of Fas expression in different stages of autoimmune thyroiditis, we investigated the expression of Fas and its ligand in the BioBreeding/Worcester (BB/W) rat thyroiditis model. We have previously reported that the thyroiditis of BB/W rat is characterized by an expression of type 1 T-helper cell (Th1)-related cytokines (14) .
Materials and methods

Animals
BB/W rats were obtained from the University of Massachusetts breeding colony and were treated and killed as follows to compare cytokine gene expression in rats with and without lymphocytic thyroiditis (LT) at 2 different ages. Group I: 55-day-old animals (n=15) were treated for 24 days with 0.05% iodide water (0.64 g NaI/l). Since these young animals do not develop thyroiditis, this group was used to control for specific effects of the iodine treatment used in group II. Group II: 75-day-old animals, all after 45 days of iodine treatment (0.64 g NaI/l), subdivided according to thyroid histology into group II pos , n=19, with thyroiditis and group II neg , n=12, without thyroiditis. Group III: 101-day-old animals, all with no iodine treatment, subdivided according to thyroid histology into group III pos , n=14, with spontaneous thyroiditis and group III neg , n=20, without thyroiditis.
At the time of death, tissue samples were obtained from the thyroid, spleen, and liver and immediately frozen in liquid nitrogen.
Histological grading of thyroid biopsies
One thyroid lobe from each thyroid was embedded in paraffin. Paraffin sections (4 mm) were stained with hematoxylin and eosin and histologically graded by a pathologist according to the relative extent of thyroid tissue infiltrated with lymphocytes and macrophages using the following scale: 0, normal thyroid; >0, no lymphocytic thyroiditis, increased prevalence of chronic inflammatory cells; 0.5-1, lymphocytic infiltration less than 10%; 1-2, lymphocytic infiltration 10% to 30%; 3, lymphocytic infiltration 31% to 50%; 4, lymphocytic infiltration greater than 50%.
Assay for anti-thyroglobulin (TG) antibodies
Blood samples were obtained from the animals at the time of death by left ventricular exsanguination. Several serum aliquots from each rat, stored at ¹65 ЊC, were assayed in the same assay for TG antibody. Serum anti-TG was measured in triplicate by an enzyme-linked immunosorbent assay according to the method of Rennie et al. (15) . The results were expressed as optical density (OD). Studies on 103 control rats revealed a mean OD of 0.035Ϯ0.007 (meanϮS.D.) (15) .
RNA extraction and cDNA synthesis
Total RNA was isolated from thyroid, liver, and spleen by a single step method using TRIzol Reagent (Gibco BRL, USA) according to the manufacturer's protocol. Gel electrophoresis on 2% agarose gels was used as RNA quality control.
cDNA was prepared with oligo-dT primers and murine myelomonocytic lymphoma virus (MMLV) reverse transcriptase (Bethesda Research Laboratories, Gaithersburg, MD, USA). Total RNA (0.5-1 mg) and oligo-dT primers (1 mg) in 20 ml H 2 O were heated to 65 ЊC for 10 min and then incubated for 1 h at 37 ЊC after adding 10 ml of a mixture containing 6 ml 5 × concentrated reverse transcription buffer, 2 ml 0.1 mmol/l dithiothreitol, 1 ml 10 mmol/l dNTP, and 1 ml MMLV reverse transcriptase (200 U/ml). The samples were then heated for 5 min at 95 ЊC.
Because of the small amount of thyroid tissue, reverse transcription-polymerase chain reaction (RT-PCR) was used as a sensitive method for cytokine mRNA analysis. To correct for variations in the quality of RNA extraction, the amplification of the ribosomal protein S-6 was used, as it is known to be equally transcribed in different cells. We did not perform multiplex PCRs. PCR was carried out in a total volume of 50 ml containing PCR buffer (10× OPTIPERFORM buffer III (InVitek GmbH, Berlin, Germany):500 mmol/l KOH pH 9.2 at 25 ЊC; 160 mmol/l (NH 4 ) 2 SO 4 ; 0.1% Tween 20; 2 mmol/l MgCl 2 ), 5 ml cDNA with 1 U CombiPool DNA Polymerase Mix (InVitek GmbH) in vitro, 0.5 mmol/l dNTPs and 1 mmol/l sense and antisense primers. Primers were all based on rat sequences and were chosen to span introns. Extra bands suggesting interference by genomic DNA were not seen; contamination was excluded by water controls. Amplifications were carried out using cycles (32 for Fas, 36 for FasL) of 94 ЊC for 30 s, 56 ЊC (Fas, FasL) for 30 s, and 72 ЊC for 30 s. The primer sequences were as follows: Fas: sense 5 0 AAC ATG AGA ACA TCC TGT GCC 3 0 , antisense 5 0 TCC CTG CTC ATG ATG TCT ACC 3 0 ; FasL: sense 5 0 TTC TTT ATC ATG GAT GCC AGG 3 0 , antisense 5 0 GAA CAG TCT TCT TCC CAT CTG G 3 0 . PCR product quantification for Fas, FasL and all cytokines was performed in the log-linear phase of the amplification. RNA was quantified using OD readings at 260/280 nm. To correct for variations in RNA quality, the ribosomal protein S-6 cDNA was amplified. To control for variations in the reverse transcription reaction, total RNA was mixed with an in vitro transcribed RNA. The in vitro transcript from a 70 bp deletion variant of the endogenous IL-6 transcript was prepared from plasmid DNA. The in vitro RNA was added in a constant dilution of 1:10 000 (3 ml) to each reverse transcriptase reaction.
Fragment analysis and statistics
PCR product quantification was performed with the ABI 373A DNA Sequencer System using Genescan software (PE Applied Biosystems, Foster City, CA, USA). Fragment analysis data for each cytokine and animal were normalized for the fragment intensity of S-6 to correct for variations in RNA quality and to the internal standard to control for variations in the reverse transcription reaction. Due to the inappropriate RNA quality, two samples with S-6 results 2 standard deviations below the mean of all animals were excluded from further statistical analysis. The data were expressed as meansϮS.E.M. Data were compared with ANOVA; a P value of less than 0.05 was regarded as significant. Correlations between variables were tested with Spearman's correlation test, obtaining the correlation coefficient (r). A P value less than 0.05 was accepted as significant. To correct the statistical analysis for the multiple tests performed, Bonferroni's a-adjustment was carried out, getting a new significance level of 0.008. 
Results
Fas/FasL expression in the spleen
Fas/FasL gene expression in the thyroid
Fas expression was detectable in all rat thyroids (n=80), with significant differences between the groups (Fig. 1) . The incidence of detected FasL gene expression (Fig. 2) and the FasL fragment intensity (Fig. 3) in the rat thyroid were significantly different between the groups. The FasL fragment intensity correlated with the fragment intensity of Fas (r=0.794, P=0.001). The highest normalized fragment intensity was detected in the thyroids of rats with LT (group II pos : Fas: 76503Ϯ22945; FasL: 51978Ϯ15300; group III pos : Fas: 50039Ϯ14397; FasL: 31810Ϯ9576). Fas/FasL fragment intensity in the thyroids of rats without LT
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Figure 1 Fas gene expression in the thyroids of BB/W rats. Fas fragment intensity (meanϮS.E.M.) was determined with Genescan analysis, normalized for S-6 and internal standard. Brackets indicate significant differences (P < 0:05) between age-and treatment protocol-matched groups. (group I, II neg , III neg ) was significantly lower than in the thyroids of rats with LT (P<0.05).
The normalized fragment intensity of Fas (r=0.578, P<0.008) and of FasL (r=0.680, P<0.008) correlated with the extent of lymphocytic infiltration of the thyroid tissue. Moreover, TG antibody concentration also correlated with the normalized fragment intensity of Fas (r=0.508, P<0.008) and its ligand (r=0.589, P<0.008).
There was no correlation between the expression of the previously determined cytokines (14) and the expression of Fas or FasL (Table 1) . Fas and FasL correlated with the relative extent of thyroid tissue infiltrated with lymphocytes. No correlation could be found between the previously determined TNFa (14) and Fas or FasL fragment intensity.
IL-1b gene expression was detected in all thyroid tissue samples, without significant differences in fragment intensity between the groups (Fig. 4) . There was no correlation between the IL-1b fragment intensity and the fragment intensity of Fas (r ¼ ¹0:096, P=0.29) or FasL (r=0.154, P=0.083).
Discussion
Apoptotic cell death is abnormally accelerated during the tissue destruction induced by lymphocytic infiltration of thyroid tissue from patients with Hashimoto's thyroiditis (1). However, whether Fas is constitutively expressed on thyrocytes and whether Fas gene expression is regulated by inflammatory cytokines is controversial (3, 4, 9) . In the present study, Fas gene expression was detected in all thyroid tissue samples. This result supports the findings of Kawakami et al. (9) and Arscott et al. (3) , who demonstrated constitutive Fas gene expression on thyrocytes. Fas gene expression was significantly higher in rat thyroids with LT. The correlation between the Fas fragment intensity and the amount of lymphocytic infiltration in the thyroid suggests that infiltrating lymphocytes are the main source of increased Fas expression. The observation that the previously reported TG antibody levels (14) correlate with the expression of Fas and FasL suggests a relationship between the activity of the autoimmune process and the expression of genes related to apoptosis.
The major aim of the present study was to determine whether a specific cytokine pattern influences Fas and FasL gene expression in an animal model. Recent in vitro studies with different methods of Fas detection suggest that cells must be exposed to cytokines (10, 11) , such as IL-1b (12), IFNg (16, 17) or TNFa (16, 18, 19) , to express Fas. These results are supported by previous in vitro studies with thyrocytes (4, 9). In contrast, Arscott et al. (3) reported that pretreatment of thyrocytes with IFNg did not substantially alter the amount of Fas mRNA compared with untreated cells in vitro and Rasmussen et al. (13) demonstrated that IL-1b does not induce apoptosis in human thyrocytes in vitro.
In the present study there was no correlation between IL-1b gene expression or the previously described IL-2, -4, -6, -10, -12p40, IFNg, and TNFa gene expression (14) and Fas or FasL gene expression. These results contrast with the findings of Giordano et al. (4) and Kawakami et al. (9) , who demonstrated increased Fas expression after incubation of thyrocytes with IL-1b or IFNg. Our results also do not support the recent observation that Fas expression in b-cells of NOD mice islets correlates with the expression of proinflammatory cytokines (18) thus leading to apoptosis. In agreement with our findings, Rasmussen et al. (13) found that incubation of thyroid cells with IL-1b did not induce There was a discrepancy between the incidence of positive FasL in rat thyroids and the differences in the fragment intensity between the groups. Thus, young rats without LT (group I and II neg ) had an incidence of detectable FasL below 33%, whereas FasL was detected in all 101-day-old rats without LT rats (group III neg ).
Since there is evidence that FasL is constitutively expressed on purified normal thyrocytes (4), the higher incidence of detected FasL in older rats without LT compared with younger rats without LT might reflect the increased FasL gene expression in thyrocytes. Whether this is due to the age of these BB/W rats has to be clarified. The fragment intensity of FasL in rats with detectable FasL gene expression correlated with the fragment intensity of Fas. This is in agreement with studies of human hepatocellular carcinoma (20) and chronic hepatitis B infection (21) and the parallel increase in Fas and FasL in rats with LT could reflect increased apoptotic tissue destruction. The PCR technique does not allow the specific cell responsible for the Fas and FasL gene expression to be identified and we did not investigate characteristic morphological changes of apoptosis in the thyroids of BB/W rats. Moreover, it is known that molecules like Bcl-2 suppress the Fas pathway (22) and Arscott et al. (3) reported that Fasmediated apoptosis in thyroid cells is regulated by a labile protein inhibitor. However, Tamura et al. (23) recently showed that increased Fas expression in the thyroid paralleled the presence of apoptosis determined by electron microscopy and terminal desoxy-UTP nick end labelling (TUNEL). Therefore, it is most likely that Fas gene expression correlates with its apoptotic function.
To identify tissue-specific differences in Fas gene expression in BB/W rats and to control for a generalized up-regulation of Fas gene expression, the Fas fragment intensity in thyroid tissue was compared with the Fas expression in the spleens of all rats. Fas gene expression was detected in the spleens of all BB/W rats. These results are in accordance with the constitutive Fas and FasL expression described in spleens of mice (24) . Rats without LT did not have significantly different Fas fragment intensity in the thyroid compared with that in the spleen, whereas rats with LT had significantly higher Fas fragment intensity in the thyroid compared with the spleen. This result could be due either to the increased number of lymphocytes in the thyroids of rats with LT or to an up-regulation of Fas expression on thyrocytes. Further studies are necessary to clarify which cell type is producing the Fas and FasL mRNA, since this was not possible in our experimental design.
In conclusion, we observed that LT in BB/W rats is characterized by increased expression of Fas and its ligand positively correlating with the intensity of lymphocytic infiltration and the level of TG antibodies. In contrast to previous in vitro findings, there was no evidence that cytokine gene expression correlates with the expression of Fas and FasL.
